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(57) ABSTRACT 
Phases are measured with a resolution of one degree, 
and frequencies are measured with a resolution of 0.01 
Hz by the same circuitry. An internal voltage-con 
trolled oscillator (VCO) is forced to operate at 360 
times the frequency of the incoming test signal by use of 
a phase-locked loop and a 360 divider. Clock pulses 
from the VCO are counted throughout an interval of 
noncoincidence of the original test signal and any 
phase-shifted version of that test signal, and the count is 
digitally displayed directly as phase shift in degrees. 
Clock pulses from the VCO are counted throughout an 
interval of (1/3.6) second and the resulting count is 
digitally displayed with the last two digits marked off 
by a decimal point, as the frequency. 

10 Claims, 3 Drawing Figures 
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1. 

DIGITAL PHASE AND FREQUENCY METER 
FIELD OF THE INVENTION 

The invention is useful in the measurement of both 
the phases and the frequencies of alternating electrical 
currents. It is particularly useful in the sub-audio and 
low audio range (1 to 1000 Hz) which is encountered in 
seismic exploration equipment testing. 

STATE OF THE ART 

In the testing of electrical equipment, in the audio and 
sub-audio frequency range, for example, in the seismic 
exploration industry, the measurement of phase shift 
often becomes desirable. Those commercially available 
phase shift measuring instruments that are capable of 
handling sub-audio frequencies are large, laboratory 
type instruments, too cumbersome for field use. The 
present invention makes available a small, highly porta 
ble, phase-measuring meter capable of one degree reso 
lution, and also capable of 0.01 Hz resolution as a fre 
quency meter, with quartz crystal reference accuracy. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of circuitry useful in carry 

ing out the present invention; 
FIG. 2A is a block diagram of a phase pulse control 

ler used in the circuit of FIG. 1; and 
FIG. 2B is a waveform diagram illustrating operation 

of the invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

Referring to FIG. 1, terminals 10 and 12 are the input 
terminals of the meter. Into terminal 10 is fed what may 
be called, for present convenience, the test input volt 
age. It may be, for example, a sinusoidal voltage propor 
tional to, and in phase with, a current that is being fed 
into a geophone. Into terminal 12 is fed the unknown 
phase-shifted input voltage. Corresponding to the test 
input voltage, the unknown phase-shifted input voltage 
may be, for example, a sinusoidal voltage proportional 
to the voltage out of the above-mentioned geophone 
when the above-mentioned current is fed into it. In such 
a case, the object of the test being made with the meter 
of the present invention would be to determine the 
phase lag of that output voltage with respect to the 
input current. The waveforms shown in FIG. 1 between 
terminals 10 and 12 represent the test input and the 
unknown phase input and their phase angle difference, 
db. Amplifiers 14 and 16 amplify the test input voltage 
and the unknown phase-shifted input voltage, respec 
tively, by large factors (e.g. 70,000) and clip the outputs 
so that both inputs become essentially square wave 
outputs whose vertical upgoing fronts correspond to 
the upgoing zero crossings of the original input waves, 
and whose vertical downgoing edges correspond to the 
down-going zero crossings of the original input waves. 
From amplifiers 14 and 16, the two square waves travel 
through leads 18 and 20 respectively to the exclusive 
OR gate 22, out of which comes a square pulse whose 
duration necessarily represents the duration of the non 
coincident parts of the two waveforms entering exclu 
sive OR gate 22, and therefore must represent the phase 
difference of the original two sinusoidal voltages that 
were applied to terminals 10 and 12. 
The square pulse representing the phase difference 

between the two original input waves eventually serves 
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2 
as a gate that lets through a number of voltage pulses 
occurring with a pulse repetition rate 360 times the 
frequency of those original input waves, and the de 
scription will now turn toward the generation of those 
pulses. Lead 24, branching from lead 18, impresses the 
square wave voltage from amplifier 14 upon phase de 
tector 26, which is connected in a loop with voltage 
controlled oscillator (VCO) 28, and divider 30 (which 
divides the frequency out of VCO 28 by 360). 

In phase detector 26, the square wave from divider 30 
is compared with the square wave from amplifier 14. If 
the phase of the voltage from divider 30 is behind that 
from amplifier 14, positive pulses are sent through lead 
32 to capacitor 34, building up its charge, causing more 
voltage to be applied through lead 36 to VCO 28, caus 
ing the frequency generated in VCO 28 to increase. If 
the phase of the voltage from divider 30 is ahead of that 
from amplifier 14, the opposite effect occurs. As a re 
sult, the two voltages fed into phase detector 26 soon 
become "phase-locked' and the frequency of the volt 
age out of VCO 28 becomes exactly 360 times that of 
the voltage out of amplifier 14, which is, of course, also 
the frequency of the original reference input voltage 
applied to terminal 10. 

Circuit elements such as those in the loop just de 
scribed are well known in the electronic art. Elements 
like phase detector 26 and VCO 28 may be found to 
gether on a single chip, e.g., Motorola MC14046. 
At this point it will be appreciated that the essentials 

are present for a digital indication of the phase. A 
square pulse comes out of exclusive OR gate 22 whose 
width represents the phase difference between the two 
original input waves; and positive voltage pulses come 
out of VCO 28, one for each phase degree of the origi 
nal input waves. Basically then, it is only necessary to 
count how many positive pulses from VCO 28 occur 
during one individual pulse out of OR gate 22. How 
ever, the ultimate display of the results must be conve 
nient for human observation and comprehension; and it 
would not always be convenient and comprehensible if 
the display time interval and the time interval between 
updatings of the display were proportional to the period 
of the voltage being measured. For convenient observa 
tion and comprehension, each set of numbers in the 
numerical display needs to remain constant for a time 
interval of the order of one second. So, in the meter of 
the present invention, an auxiliary clock signal, coming 
from a constant frequency crystal time base, controls 
further passage of the phase difference pulses out of 
exclusive OR gate 22. Whatever the period of the test 
input voltage, the phase pulse controller 40 allows one 
and only one complete phase difference pulse to pass 
during each one of a set of succeeding time intervals, 
each (1/1.8) second long. (This interval, 1/1.8 second, is 
sufficiently near one second to make the changes of the 
subsequent counter comprehensible, and it was chosen 
because of its convenient relationship to the interval 
1/3.6 second to be used, as will be described later, for 
counting the pulses that indicate frequency.) 
The auxiliary clock signal (the 1.8 Hz square wave 

that is fed into phase pulse controller 40) originates in 
quartz crystal oscillator 45, which in the present em 
bodiments of this invention has a chosen frequency of 
450 KHz. A 450 KHz square wave coming out of oscil 
lator 45 is fed into divider 43, which divides its fre 
quency by 250,000 to produce the required 1.8 Hz 
square wave. 
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Referring now to FIG. 2A in which are represented 
the operating elements of phase pulse controller 40, and 
to FIG. 2B in which are represented the relevant elec 
trical waveforms. The 1.8 Hz square wave is fed into 
data terminal D of D-flip-flop, 62. The noncoincidence 5 
pulses from exclusive OR gate 22 are fed into clock 
terminal C of D-flip-flop 62. The state of the voltage 
from output terminal Q changes to the state impressed 
on the data terminal, D1, but only when the voltage on 
the clock terminal has a rising edge. So, as shown in 10 
FIG. 2B, the first noncoincidence pulse that begins after 
the positive state has been impressed on terminal Di 
changes the output at Q to a positive state. At the same 
time, it changes the output from complementary output 
terminal, Q, to a zero state. The voltage from output 15 
terminal Q is fed to AND-gate 68, and the voltage from 
complementary output terminal, Q, is fed into the data 
terminal of another D-flip-flop, 64. 

Into the clock terminal, C2, of D-flip-flop 64, there is 
fed an inverted version of the train of noncoincidence 20 
pulses coming through lead 23 from exclusive OR-gate 
22. The inversion is performed by inverting amplifier 
66. The voltage at the output terminal, Q, of D-flip-flop 
64 must assume the state impressed upon the data termi 
nal D at the time of the first rising edge of the pulse 25 
train fed into clock terminal C2 that occurs after the 
state at D has changed. As shown in FIG. 2B, this 
rising edge will necessarily correspond in time to the 
falling edge of the pulse that caused the first change of 
state shown in D-flip-flop 62. The output from terminal 30 
Q, then will have been in its positive state before and 
during the time when the output from Q1 assumed its 
positive state. But the output from terminal Q2 will fall 
to zero at the trailing edge of that same noncoincidence 
pulse. Now, if the waves from output terminals Q and 35 
Q are fed into AND-gate 68, the output, labeled Q-Q2 
in FIG. 2B, must necessarily emit one, and only one, 
complete pulse, whose width is that of one non-coinci 
dence pulse, in each positive half wave of the 1.8 Hz 
square wave that is fed into D1. 40 

Further consideration of FIG. 2 will make apparent 
the way in which the above-described sequences must 
repeat themselves during further positive half-cycles of 
the 1.8 Hz square waves. 
The parts of the apparatus described up to this point 45 

produce a square voltage pulse out of phase pulse con 
troller 40 into lead 42, which pulse has a width repre 
senting the actual phase difference between the test 
input voltage (applied to terminal 10) and the phase 
shifted input voltage (applied to terminal 12). One of 50 
these pulses, and only one, is emitted from phase pulse 
controller 40 about every 1/1.8 second. This pulse goes 
through switch 44 (shown in FIG. 1 in its phase-measur 
ing position) and on through lead 46 to counter 48 
where the pulse serves to gate the pulses coming 55 
through lead 38 to counter 48. It will be appreciated 
that if the gating pulses going into counter 48 through 
lead 46 cause the counter to count during the actual 
time interval of phase difference between the test input 
voltage and the phase-shifted input voltage, and the 60 
pulses to be counted, coming in through lead 38, are 
occurring at 360 times the frequency of the test input 
voltage, one for each phase degree, then during each 
gating pulse, the number of the faster pulses from lead 
38 that are counted will be equal to the phase difference 65 
in degrees. 
The same 1.8 Hz square wave, whose positive portion 

served as the envelope that permitted the passage of 

4. 
one, and only one, gating pulse through phase pulse 
controller 40 every 1/1.8 seconds, also serves as the 
transfer and reset signal for counter 48. It is evident 
from the preceding description that the counting of the 
phase degree pulses occurred during the positive part of 
the 1.8 Hz square wave. That square wave entering the 
counter through lead 50 signals the counter to transfer 
its count to digital display 52 and then to reset itself 
during the negative (or zero level) part of the 1.8 Hz 
square wave. 

Various circuits that can cause stored counts to be 
transferred to digital displays are well known in the 
present electronic art. The only detail that might be 
considered peculiar to the present invention is the way 
in which the sign of the phase difference is detected and 
transmitted to the display. In the present embodiments, 
sign detector 56 contains a D-flip-flop whose data ter 
minal (D-terminal) receives the square wave version of 
the test input voltage out of amplifier 14, and whose 
clock terminal (C-terminal) receives the square wave 
version of the phase-shifted input voltage. If the phase 
shifted voltage lags the test input voltage, the comple 
mentary output terminal of the D-flip-flop (Q terminal) 
will assume its low, or zero state. If the phase-shifted 
voltage leads the test input voltage, the complementary 
output terminal (Q terminal) will assume its high state. 
The low state voltage transmitted through leads 58 and 
60 to display 52 causes the display to prefix a negative 
sign to its count, and the high state voltage prefixes no 
sign, implying, of course, that the displayed number is 
positive. 
The description has now covered the phase measur 

ing and displaying operations of the meter of the present 
invention. The frequency measuring and displaying 
operations remain to be described; but all the essential 
elements used in those frequency measuring operations 
have already been at least mentioned in connection with 
the phase measuring operations. 

For frequency measurement and display, the switch 
44 is put into its frequency measuring position: upward 
on the diagram of FIG. 1. Then instead of the noncoin 
cidence pulses fed into counter 48 during the phase 
measuring operation, 1.8 Hz square waves will be fed 
into the gating terminal of counter 48. The positive 
halves of the 1.8 Hz square wave must be (1/3.6) second 
long. If pulses coming into counter 48 at a rate 360 times 
the frequency of the test input voltage are counted 
during a gate time of (1/3.6) second, the count during 
that gate time must be numerically equal to 100 times 
the frequency of the test input voltage. This count is 
displayed on display 52 with the two right hand places 
marked off with a decimal point, so the displayed read 
ing is in Hertz with a resolution of 0.01 Hertz. 

It will be appreciated that when the meter is operat 
ing as a frequency meter, it is not necessary that there be 
two voltage inputs. One test input voltage, whose fre 
quency is to be measured, is connected to terminal 10. 
Now both the phase and frequency measuring and the 

displaying operations of the meter of the present inven 
tion have been described. These are the functions that 
impart to the meter its chief utility. However, occasions 
arise when it is useful also to make analog plots of a 
varying phase or varying frequency. Only a few addi 
tional elements, well known in the electronic art, need 
to be added to attain that further advantage. Either the 
phase or the frequency indication exists as a digital 
quantity in the counter 48. This digital quantity is stable, 
in fact unchanging, for time intervals of (1/1.8) second. 



5 sis The digital count is transferred to register 7 which in 
turn passes its registered data to the digital-to-analog 
converter 72. Out of digital-to-analog converter 72 
come stable analog voltages that are fed into amplifier 
74, whose output is capable offeeding whatever type of 5 
plotter is desired to be connected to the meter. In the 
existing embodiments of the present invention there is 
also a lead 76 coming from sign detector. 56that oper 
ates a relay switch 78 to switch the voltage input be 
tween a positive and a negative input terminal so that 
when phase is being measured, a negative or a positive 
voltage may be applied by amplifier 74 to the connected 
plotter. 
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While specific examples have been utilized in this 
specification to demonstrate the method of my inven 
tion, it is intended that the scope of my invention be 
limited only by the scope and spirit of the appended 
claims. 
What is claimed is: 
1. Method of determining the phase difference be 

tween two low audio or sub-audio frequency sinusoidal 
voltages of identical frequency, one a test input voltage 
and the other a phase-shifted input voltage, comprising 
the steps of: 
a generating a first square wave whose vertical upgo 

ing edges correspond to the upward-going Zero 
crossings of said test input voltage and whose verti 
cal downgoing edges correspond to the down 
ward-going zero crossings of said test input volt 
age, and generating a second square wave whose 
vertical upgoing edges correspond to the upward 
going zero crossings of said hase-shifted input volt 
age and whose vertical downgoing edges corre 
spond to phase-shifted downgoing zero crossings 
of said phase-shifted input voltage, also generating 
a series of voltage pulses whose repetition rate is 
360 times said identical frequency of said two sinu 
soidal voltages whose phase difference is to be 
measured; 

b. generating from said first and second square waves 
a series of square pulses whose width is equal to the 
noncoincidence interval of said first and second 
square waves; 

c. selecting one and only one complete noncoinci 
dence pulse during each one of a set of succeeding 
time intervals, each 1/1.8 second long; 

d. counting the number of degree pulses occurring 
throughout each selected noncoincidence pulse; 
and 

e. displaying the count as the degrees of phase differ 
ence of said measured voltages. 

2. The method of claim 1 in which the count for each 
selected noncoincidence pulse is displayed unchanged 
throughout an interval of 1/1.8 second, and then re 
placed by the count for its succeeding noncoincidence 
pulse. 

3. Method of determining either phase difference 
between or frequency of two low audio or sub-audio 
frequency sinusoidal voltages of identical frequency, 
one a test input voltage, and the other a phase-shifted 
input voltage, comprising the steps of 

a. generating a first square wave whose vertical up 
going edges correspond to the upward-going Zero 
crossings of said test input voltage and whose verti 
cal downgoing edges correspond to downward 
going zero crossings of said test input voltage and 
generating a second square wave whose vertical 
upgoing edges correspond to the upward-going 
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6 
zero, crossings of said phase-shifted input voltage 

; and whose vertical downgoing edges correspond 
to the downgoing zero crossings of said phase 
shifted input voltage, also generating a series of 
voltage pulses whose repetition rate is a constant 
360C times said identical frequency of said two 
sinusoidal voltages, where each such pulse repre 
sents 1/C degree; 

b. generating from said first and second square waves 
a series of square pulses each having a width equal 
to a non-coincidence interval of said first and sec 
yond square waves; 

c. selecting one and only one complete noncoinci 
dence pulse during each one of a first set of suc 
ceeding time intervals, each of an order of a second 
long; 

d. counting the number of fractional degree pulses 
occurring throughout either (i) each selected non 
coincidence pulse or (ii) each one of a second set of 
succeeding time intervals where each one of said 
second set of time intervals is 10N/360C second 
long where N is the number of decimal places to 
which frequency is to be displayed; 

e. displaying the count of step (d) as either phase 
difference between or frequency of said two volt 
ages. 

4. The method of claim 3 in which constant C of step 
(a) is equal to l; each of said voltage pulses represents 
one degree and in which the number of degree pulses 
counted are only over (i) of step (d) so that the dis 
played count of step (e) is the phase difference between 
said two sinusoidal voltages. 

5. The method of claim 4 in which each one of said 
first set of succeeding time intervals of step (c) is 1/1.8 
second long. 

6. The method of claim 5 in which the count for each 
selected noncoincidence pulse of step (d) is displayed 
unchanged throughout an interval of 1/1.8 second and 
then replaced by the count for the next selected nonco 
incidence pulse so as to repetitively display the count as 
the degrees of phase difference of said measured volt 
ages. 

7. The method of claim 3 in which said constant C of 
step (a) is equal to 1; each of said voltage pulses repe 
sents one degree and in which said second time interval 
is 1/3.6 second long whereby the count is displayed to 
two decimal places in step (e) as the frequency of said 
two voltages. 

8. The method of claim 7 in which the count dis 
played to two decimal places in step (e) is displayed 
unchanged throughout an interval of 1/1.8 second and 
then replaced so as to repetitively display the count as 
frequency to two decimal places. 

9. A circuit for determining both the phase difference 
and the frequency of two low-audio-frequency sinusoi 
dal voltages of identical frequency, one a test input 
voltage and the other a phase-shifted input voltage, 
comprising, 

a. means for generating a first square wave whose 
vertical upgoing edges correspond to the upward 
going Zero crossings of said test input voltage and 
whose vertical downgoing edges correspond to the 
downward-going zero crossings of said test input 
voltage, and for generating a second square wave 
whose vertical upgoing edges correspond to the 
upward-going zero crossings of said phase-shifted 
input voltage and whose vertical downgoing edges 
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correspond to the downgoing zero crossings of 
said phase-shifted input voltage; 

b. additional means for generating a series of voltage 
pulses whose repetition rate is 360 times said identi 
cal frequency; 

c. means for generating from said first and second 
square waves, a series of square pulses whose width 
is equal to the noncoincidence interval of said first 
and second square waves; 

d. means for generating an auxiliary clock signal 
square wave of constant period, 1/1.8 second; 

e. means for selecting one and only one complete 
noncoincidence pulse during each period of said 
auxiliary clock signal; 
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8 
f, means for selecting between (i) said auxiliary clock 

signal square wave of (d) or (ii) said one and only 
one complete noncoincidence pulse of (e) depend 
ing upon whether frequency or phase difference, 
respectively, is to be indicated; 

g. means for counting the number of degree pulses 
occurring either (i) during each positive half of said 
auxiliary clock signal square waves of (d) or (ii) 
during each one of said selected noncoincidence 
pulse of (e); and 

h. means for displaying the count either as frequency 
if (i) of step (f) is selected, or as phase difference if 
(ii) of step (f) is selected. 

10. The circuit of claim 9 in which (f) is a single-pole, 
double-throw switch. 
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